Until recently, effective protection against solar radiation has been attempted by various artificial methods. These include: (1) Avoidance of sunlight between 10 a.m. and 4 p.m. (2) Promotion of tanning (melanin hyperpigmentation) and thickening of the stratum corneum by carefully controlled exposure to sunlight. (3) Application to the skin of a film of a chemical formulation that will act as physical screen and absorb, scatter or reflect damaging radiation impinging on the skin surface. (4) Chemical modification of the stratum corneum so that exogenously applied material (e.g., dihydroxyacetone, lawsone, juglone) capable of absorbing the erythemogenic radiation can conjugate chemically or remain adsorbed with the stratum corneum and filter out the damaging rays. (5) Oral administration of medications such as 4,5',8-trimethypsoralen that can promote melanogenesis and thickening of the horny layer when exposure is controlled.
Paper and Cases
Topical and Systemic Approaches to Photoprotection by Thomas B Fitzpatrick MD PhD, Madhukar A Pathak PhD, John A Parrish MD (Massachusetts General Hospital, Boston, Massachusetts 02114, USA) and Micheline Mathews-Roth MD (Boston City Hospital, Boston, Massachusetts) Until recently, effective protection against solar radiation has been attempted by various artificial methods. These include: (1) Avoidance of sunlight between 10 a.m. and 4 p.m. (2) Promotion of tanning (melanin hyperpigmentation) and thickening of the stratum corneum by carefully controlled exposure to sunlight. (3) Application to the skin of a film of a chemical formulation that will act as physical screen and absorb, scatter or reflect damaging radiation impinging on the skin surface. (4) Chemical modification of the stratum corneum so that exogenously applied material (e.g., dihydroxyacetone, lawsone, juglone) capable of absorbing the erythemogenic radiation can conjugate chemically or remain adsorbed with the stratum corneum and filter out the damaging rays. (5) Oral administration of medications such as 4,5',8-trimethypsoralen that can promote melanogenesis and thickening of the horny layer when exposure is controlled.
We wish to report on a five-year study of the relative value of over 24 commercial sunscreens and various ultraviolet-light-absorbing chemicals and recommend two highly effective formulations for protection against erythemogenic spectrum (290-320 nm). The sunburnpreventive potency was determined under (a) artificial ultraviolet sources using 65 females, and (b) sunlight, using 250 subjects and rigorous field conditions designed to stimulate normal usage. Six clinical trials were conducted: four in the Arizona desert under high intensity of ultraviolet radiation, one in the Swiss Alps, and one in Boston, Mass. The results showed 5 % p-aminobenzoic acid (PABA) in 70% ethanol and 2 5 % Escalol 506 (isoamyl-p-N,N-dimethylaminobenzoate) in 65% ethanol to be the most effective sunscreens that can be recommended against sunburn spectrum. After a single application these formulations afford satisfactory protection when fair-skinned individuals undergo: (a) prolonged exposure (3-4 hours) without any physical activity; (b) sun exposure of 2 hours after exercise accompanied by profuse sweating; (c) sun exposure of 45-60 minutes following a schedule of 15 minutes swimming in fresh or sea water; (d) passive sunbathing for over 3 hours under warm and humid conditions; (e) skiing on ultraviolet-reflecting mountains at high altitudes. Although PABA and its derivatives have been used for over forty years as sunscreens, the interesting finding of these studies is the remarkable ability of 5% solution of PABA in ethanol to penetrate and be adsorbed (conjugate loosely) in the epidermal cells and at the same time effectively to protect normal skin against intense solar radiation under rigorous field conditions (Pathak et al. 1969) .
Development of sunscreens against short wavelengths (shorter than 280 nm) such as those used in operating rooms to reduce incidence of operative infection, and in tissue culture laboratories, the food industry, &c., and longer wavelengths (320-400 nm) which evoke cutaneous phototoxic and photoallergic reactions has received little attention. Topical screens against short wavelength (germicidal, 254 nm) as well as against long wavelength ultraviolet radiation were recently evaluated in our laboratories. Some of the benzophenone derivatives (e.g. 2-hydroxy-4-methoxybenzophenone-5-sulfonic acid, oxybenzone, dioxybenzone, and 2,2'-dihydroxy-4methoxybeilophenone), when used in adequate 48 13 861 concentration (5-10%), have excellent photoprotective properties against short and long wavelength ultraviolet radiation. The psoraleninduced phototoxic reactions (4,5',8-trimethyl-psoralen+360 nm radiation) can be effectively prevented by benzophenones. This suggests that topical psoralen treatment of patients with vitiligo can be made safe and controllable since overexposures to artificial or solar long wavelength ultraviolet light can be prevented with a topical sunscreen containing benzophenones. They can selectively screen out germicidal (254 nm) radiation also (Parrish et al. 1971) . The topical sunscreens effective in the prevention of photosensitivity reactions to sunburn radiation (290-320 nm) have not proved effective in prevention of photosensitivity to visible light (above 400 nm). Recent work on photosensitivity and photoprotection to visible light in bacteria, plants and mice (Mathews 1964) suggested that beta-carotene might be effective as a systemic photoprotective agent, particularly in patients with erythropoietic protoporphyria who are unusually sensitive to long wavelength ultraviolet and visible radiation. We recently reported that administration of high doses of beta-carotene to 3 patients with erythropoietic protoporphyria resulted in amelioration of their photosensitivity (Mathews-Roth et al. 1970) . Since this report, we have treated 2 additional patients with success, a 10-year-old Caucasian girl, and a 45-year-old Caucasian woman, both of whom have been sensitive to as little as 30 minutes of sunlight exposure since childhood. When first seen, they both had elevated blood and stool protoporphyrins, and reacted with erythema to xenon arc light, the child after 20 minutes' exposure, and the woman after 15 minutes' exposure. By end of summer, both could tolerate 30 minutes of xenon arc light, and at least 2-3 hours of sunlight.
In our experience a serum carotenoid level of at least 400 pg/100 ml is necessary to achieve some therapeutic success. We start the betacarotene dosage at 15 mg per day for children and 30 mg per day for adults, and increase it until a level of at least 400 pg/100 ml in serum is maintained. In addition, since little is known about the in vivo effects of high doses of beta-carotene, we examine at frequent intervals the complete blood count, liver and kidney function of all our patients receiving beta-carotene. Man aged 56 History: Twelve months ago crusted areas developed on the scalp, forehead and ears. There was a discharge from the navel and thickened spots on the shoulders. These areas itched somewhat. Topical steroid and antibacterial applications had not been helpful. In the last few weeks thcre had been a few blisters in the mouth and redness at the outer angle of the left eye.
On examination: The areas on the scalp, ears and forehead were inflamed with a granulomatous appearance. They became eroded and crusted, and had been observed to heal with epidermal atrophy and then to erode again. The inflammation persisted and some of the scarred areas contained milia. Blisters had been seen on the forehead but not in the mouth where there was no persistent inflammation. The outer canthus of the left eye was inflamed with an cedematous conjunctiva and early synechia formation.
Investigations: Blood picture, serum protein assay, Wassermann reaction and chest X-ray normal. Bacteriological examination of an eroded area showed Staph. aureus. Biopsy from a plaque on the scalp showed that the epidermis was partly separated from the dermis and had taken some of the pilosebaceous ducts and sebaceous glands with it. Some basal cells showed liquefaction degeneration, the prickle cell layer was patchily infiltrated with polymorphonuclear leukocytes, the granular layer was not prominent and there was parakeratosis.
A dense inflammatory infiltrate occupied the dermis, being concentrated particularly in the mid-dermis, and was composed of lymphocytes, plasma cells, eosinophils and histiocytes. There was no trace of the elastic tissue of the normal papillary dermis.
In some areas a series of changes could be seen in the subepidermal region (Fig 1) . There was a fibrinous exudate with eosinophil and polymorphonuclear leukocytes immediately adjacent to the basal layer of the epidermis and appendage ducts which caused early dermoepidermal separation. Beneath this was a narrow band of fibrinous exudate undergoing organization and beneath this again were further strata of more mature fibrous tissue. The sediment of new fibrous tissue, which had been deposited
